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Abstract 
Benchmarking and best praxis are a part of the concept of Total Quality Management (TQM). To make a good product or production processes 
system it is often focused on the working performance efficiency.  Best practice or Benchmark is methods to focus on the best possible method 
to understand working processes, systems and performance ability. KPI’s (Key Preformats Indicators) are measureable goals in all companies, 
this to align business activities to the vision, strategy and goals both in companies and project organizations. 
To achieve optimal effectiveness in large complex projects we are dealing with the execution of strategic and operational management and 
decisions throughout the projects lifecycles. A project is a living organization and use of change management and continues improvement 
techniques over the lifetime of the project will lead to improved project management and goal achievements. 
The EU-Project IFaCOM (Intelligent Fault Correction and Self Optimizing Manufacturing systems) has five end-user demonstrators where Zero 
Defect Manufacturing (ZDM) solutions are to be implemented. How to deal with un-certainty within the manufacturing processes for reaching 
near zero defects, in both product and process perspectives, is the main goal for the IFaCOM project. The ZDM framework is a quality controlled 
process system. The IFaCOM project uses ZDM concepts for manufacturing improvement. The added value for quality improvement is both a 
part of the continuous process improvements and the continuous improvement of product value to the costumer. Benchmarking and Best praxis 
methods will be used on the IFaCOM industry demonstrator implementations. 
 
© 2014 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the International Scientific Committee of “9th CIRP ICME Conference". 
 Keywords: Benchmark; Best practice; Change management; Six Sigma and ZDM Concept 
1. Introduction 
To make a good product or a good production processes 
system it is often focused on the working performance 
efficiency, best practice or benchmark are methods to focus on 
the best possible method to understand working processes, 
systems and performance ability. [1] 
Measuring performance ability is often an excellent 
argument of economical matter and in most companies and 
project visible goals. [2] So when it comes to benchmark of 
achievements it is often more complex to compare measurable 
goals with other type of criteria. To benchmark your own 
company against highly rated companies is often wrong, since 
your company doesn’t have the same possibilities in resources 
and capital. However, it is possible to split some of their best 
business cases in smaller parts and then see where there are best 
achievements. 
Where to look for the right documentation and structure 
this is a best practice will be important and it’s also mentioned 
as one of the best methods to define best in class. You have to 
find the right questions to ask that can compare structured 
processes in own business.  To make use of lean techniques and 
six sigma approaches are also among the necessary steps in 
such processes, and critical achievement factors can be made 
as checklists of how to stepwise improve working processes. 
[3] 
In the last several years there have also been focused on 
change management. The management processes are led by the 
top management of the company. This means that the 
responsibility for changes of old control systems- and 
processes to find deviations that can lead to defect product and 
processes, are led by the owners of the strategic goals. 
Management that makes the right strategic decisions and 
implementations of changes as continuing stepwise processes, 
has larger influence on the strategic process flow in their 
company and therefore also more successful in implementing 
their goals. [4] 
Changes of mindset and working procedures are 
important issues to make quality work visible for the workers 
in the shop-floor and in the value chain. Process improvement 
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will be a permanent part of the company’s culture and quality 
system. In an ideal plant this is shown as six different phases in 
the following Figure 1. 
 
Figure 1: Development of productions systems. 
When you look at today’s manufacturing processes, factory 
and shop floors, we are aware of the processes and machines 
that are improving. But we can still see that the human 
operators, not always are comfortable with their own skills and 
ability to work with the new high speed systems and data 
technical functions. The processes have often such a high speed 
that small operating procedures or written documentation are 
not good enough for training the personnel. Quick reactions, 
visible signs and learned skills are necessary to guide the 
workers in right directions. 
It is here the IFaCOM project can do possible changes, as a 
large scale EU-project across two different manufacturing 
sectors. It will through the demonstration implementations be 
possible to achieve new information of how to deal with 
complex projects in an industrial environment and to 
benchmark the industrial demonstrators at the implementation 
phase. 
2. IFaCOM Demonstrators 
The main goal for the project IFaCOM is to reach near zero 
defect manufacturing. The ZDM framework is shown as a 
quality control process system that has some main loops and 
will be the most important in the “built in” system for rating 
quality of products, processes and services. The zero defect 
concept are not new and “Philip Crosby” a quality guru defines 
quality as” conformance to requirements”. [5] 
The IFaCOM project started to use the ZDM concept for 
finding quality parameters that needs improvement. In this 
research project with 5 industry demonstrators it is a different 
way of thinking of how to meet the costumer’s expectation. The 
added value is often described as a part of the continuous flow 
process; however it is also a part of the continuous 
improvement of value to the costumer.  One of the key benefits 
of the customer satisfaction indexes is that this is a uniform and 
comparable system of measurement, if we look apart from 
typical statistical methods this gives us the possibilities to 
measure a systematic benchmark of the cases in the project over 
time and across firms. 
In a complex project this is difficult issues, due to the fact that 
some of the companies have to protect their IPR, however no 
one in IFaCOM are directly competitors and therefore this 
process could be added value for each of the companies and 
their customers.Retrieving and presenting information 
During system knowledge modelling it would be ideal for 
the users of the system to check all the information available at 
the moment of taking a decision. Since a lot of information is 
available within the simulation application environment, 
including product requirements, machine specifications, 
scheduling information and process information, it is very 
difficult if not impossible for the stakeholders to review all the 
information available. 
At best, stakeholders are limited to searching and gathering 
the information, which is required. This can be done by 
searching different databases where information is stored, 
searching the internet for information about machine 
requirements or searching email archives for supplier 
communications. This said the simulation application 
stakeholders may not always be aware that information is 
available and accessible for them to search. 
This problem has been further exaggerated with the advent 
of Industry 4.0 and the internet of things. In the smart factory, 
[8] cyber-physical systems will be continuously collecting data 
from the shop floor that may be relevant to the factory planner 
who is reconfiguring a plant layout. 
This data from the real factory will be available together 
with data being generated by the simulation application tools 
in the virtual factory during the factory planning process. These 
combined activities generate a very large data set that is 
difficult to store, access and analyse. Therefore it can be 
concluded that the smart factory paradigm brings along the 
challenges associated with Big Data, especially in the decision 
making stages [9]. Data management and information retrieval 
will therefore become an essential element of the factory 
planning process. 
This said factory planning stakeholders cannot continuously 
be presented with large amounts of available information to 
process. This is because human stakeholders are limited by 
their mental brain capacity in what is defined as the human 
brain’s working memory [10]. Only information which is of 
high relevance to the task and decisions currently being made 
needs to be presented to the stakeholders, otherwise there is the 
risk of information overload. 
3. Characteristics of benchmark 
3.1. Best practice and Benchmark 
One of the most important points of benchmarking 
processes is to identify areas that can be significant improved 
by adapting or matching other systems that are better. The 
literature identifies some of the most important reasons why 
organizations need benchmarking processes to rate and 
improve their activities. [6 - 7] 
To meet the customer requirements, industry has to adapt 
best practice from each other’s. Surveys of requirements for 
your company are therefore necessary.  To define a best 
practice or the best guideline concept is to put together teams 
with cross disciplinary background. Rating your 
competitiveness is meaningless if you do not find the gap 
between best and average, also in the weak areas of your 
businesses. 
To set realistic indicators or parameters for your company 
which are achievable for linking the customer requirements and 
proven best practice. Implement internal organizational 
practice and processes, make SWOT and stakeholder analyses 
that are available for the whole organization, as a “bottom up” 
approach, all must be aware of internal processes. Changes of 
internal culture in an organizations takes time and areas that 
needs continual improvement for making productivity growth 
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are too often focus on costs. With refine of strategies, by lesson 
learned from other companies it is possible to predict results of 
possible changes and forecast in the marked. In this way you 
can be able to develop: 
x faster and better plans  
x finding failures and defects 
x make feedback plan for failures 
It is needed to implement benchmarking as a business 
function to see, when to correct failures and defects, for making 
this as positive feedback from internal as well as external 
sources. Test effectiveness of your quality program, to verify if 
your strategies are competitive and sound, for making 
reengineering of engineering processes. Benchmark is meant to 
be valuable steps to understand the gap of improvements in 
redesign. Solving ability and management support are key 
factors of maintaining companies with high quality 
development. 
3.2. Strategic indicators 
What are the right parameters and can they benefit the 
findings in the project. KPI (Key Performance Indicators) that 
can strengthen the partner company’s long term strategies in 
existing and new markets will be preferred. Kaplan & Norton 
introduced the “balanced scorecard “(BSC) as leading values 
for indicators, and a BSC have four interesting elements of 
perspectives that also recur in a benchmark process. [8] 
• Financial - How do we look at the shareholders 
• Internal – What distinguish us from others  
• Innovation and learning - Continuing improvement of 
added value 
• Costumer – How do the costumers see them 
These BSC parameters will give valuable input to the best 
practice of the industry demonstrators and findings of good 
parameters on the operational plan for the partners and the 
project management.  
This is how to use the goals of the project as drivers for the 
implementation, and an important objective for the project 
management during the project. The specific use of strategic 
and operational instruments of efficient use of personnel 
extensive goals and project plans are among these. Detailed 
work plans for a long term horizon has been done as a strategy 
for shaping the project. 
3.3. Use of six sigma and SPC for small batches 
We know that engineers have used safety margins for 
centuries to protect their companies and customers from the 
consequences of product degradation and failure. The Six 
sigma approach with the 1.5-sigma shift is today stated as a 
design margin. [9] There are several other design methods that 
are developed, and most preferably used as System engineering 
or integrated development of products like Taguchi Methods, 
SPC, reliability analysis and statistically designed experimental 
campaigns and methods.  
One of IFaCOM’s most important achievements is to go 
beyond six sigma approach. The demonstrator’s in the project 
will therefore concentrate the quality achievements processes 
based on statistical material. A need of best practice 
documentation in each of the demo is provided as a closer look 
at the product they develop. 
The main reason for the demonstrators to achieve near zero 
defects is because the processes and products needs to be safe 
and without damages. It is therefore important to divide the 
difference between fault, damage and defect of material quality 
parameters and design. [10] 
• Fault it is structural problem 
• Damage when some product or structure no longer 
operates 
• Defect is inherent in the material, statistically all 
material will have an amount of defects 
Since fault is a serious reduction in quality, it is important 
to avoid these types of risks, because this can cause uncertainty 
in later process of parts and product. Structural health 
monitoring Interface in IFaCOM is the various sensor systems 
and signal processing, and is another part of the functions in the 
project. I will not concentrate about this at this stage, but 
findings and measuring will be an important part of IFaCOM’s 
demonstrator and will lead us to developing self-learning 
decision making software solutions. 
3.4. The ZDM Paradigm and quality target 
The ZDM paradigm is to improve part quality and reduce 
the part quality variation in multi-stage multi-process 
production processes. Since the ZDM paradigm considers the 
explicit modeling and realization of quality feedback loops at 
different levels as stated in the IFaCOM project. This quality 
feedback aims to control part-process-system and self-
adaptation in multi-stage multi-process production systems, as 
dynamically changing environmental conditions and customer 
requirements. 
The ZDM paradigm aims at modifying the individual 
process quality target values, in response to the level of 
achievement of quality targets in previous process stages. 
These feed-forward process quality target loops will allow 
this through multi-stage multi-processes coordination to 
increase the quality levels and to reduce the deviations of the 
final product quality characteristics. 
In quality processes there is a need to; 
• understand which quality feedback loops that are the 
most important  
• to verify if the proposed part-process-system 
adjustments that are adequate  
• to validate that the stability of the system is 
maintained 
• that the process time constraints are respected  
Figure 2: Dynamically adjusted quality targets in multi-stage process chains. 
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The main expected benefit of the modeling and realization 
of quality feedback loops is the systematic reduction of quality 
deviations in the realization of complex part characteristics in 
response to ever increasing customer requirements. As a result 
the process capability in such dynamic situations will be 
significantly increased. [11] 
4. IFaCOM aerospace and machine-tool demonstrators 
The IFaCOM project has two different manufacturing areas. 
In the aerospace area there are two companies, both producers 
of aerospace parts and spare parts to machine engine. The 
companies are in quite different environment; one have much 
more automated processes than the other, which is a much more 
a typical foundry manufacturer. Both wanted to achieve less 
cost and scrap reducing quality achievements, which is typical 
for lean-six sigma processes.  
For the foundry company the factory loop is long and it as a 
lots of possible improvement points. They use lean –six sigma 
techniques to reduce waste and component rework. While the 
situation for the other company is to reduce working timeframe 
and typical product improvements that can increase 
productivity. With knowledge based improvement of human 
skills in ICT and robotic techniques they can reduce cost and 
rework. Both of the companies can provide benchmarking 
processes, since the workers at the plants are provided with 
high level skills to adapt new and better working methods. 
In the machine-tools area we have three different 
companies, one which makes EDM machines with wire 
cutting, another that makes their own robot-nano-polishing 
system and the last companies makes large scale machine 
platforms. All are typical machine builders, were the process 
systems can be considerably improved by sensor- and 
statistical process control system tools.  
Further work of IFaCOM into the SPC area will also give 
some interesting output, since it will provide progress into the 
intelligent manufacturing systems. Due to the fact that this is 
one of many decision making systems, and at management 
level this provide actions for new quality planning processes 
and activate the manufacturing management. Specific for some 
of the companies is just that this goal will improve their process 
into a near zero defect paradigm.  
Each of them have prepared for an industrial 
implementation of their demonstrator. In the “best practice” of 
IFaCOM this will be a closer investigating of presenting the 
processes of the product as earlier described in cases. To see if 
there are questionnaires in an early stage we have missed or to 
see if we find other findings and cases that are feasible for 
improvement.  
This material will be structured in descriptions for possible 
use for the end-users. It will be an opportunity for them to see 
other improvement options, guidelines and obvious standard 
achievements. From different ISO guidelines it will be possible 
to find missing aspects, but also propositions for waste 
reducing processes and missing connections to quality 
improvement and processes. It will be necessary to ask for 
more description, both quantitative and qualitative 
questionaries’ as well as visual explanations on management 
aspects. 
5. Discussion 
Today we can buy technology and engineering, but to 
change working methods and structures is more extensive 
processes.  Cultural aspects and adaption of new improving 
methods are slow processes in an organization, but it is 
important to mention that IFaCOM companies are already 
innovative in one way. 
A best practice and benchmark of five industrial 
demonstrators will give us a great opportunity to make a 
structural documentation of two important manufacturing 
areas. During the last year of IFaCOM project this will be an 
important part of the integration process, we have a huge 
amount of deliverables and documentation that will give us 
some interesting outcome. To structure the documents and to 
do findings of particular interests for future work will be the 
next step in a best practice. 
Since benchmarking of the demonstrators in IFaCOM will 
be given in the industrial areas of Aerospace and Machine-tool. 
This exercise can be used to determine strategic areas for both 
risks and opportunities to the market as an exploitable result for 
the project. 
In respect of the management for each of the companies, 
IFaCOM guidelines of best practice will only give advice on 
possible improvement points. Which can give a view to see 
potential in product and process development as well as use of 
human capabilities in their plant? As input to their marked 
documentation and the main success criteria for the project in 
future sustainable methods of manufacturing product- and 
process development. 
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